The relative distribution of the basins o f attraction o f the chemical species and of the transi tion states is derived for the therm al isomerization o f cyclobutene to butadiene.
The Separatrix Passing Through
Such a class is represented by the IRCS graph the 2-Butene Diradical
The intrinsic reaction coordinate and separatrix (IRCS) graph contains the topological inform ation on the relative distribution for the basins o f attrac tion of the chemical species and the transition states [1] [2] [3] .
It represents an equivalence class o f cross sections of structurally stable PES's involving two coupled vibrational degrees of freedom. The structural stability principle introduces restrictions in the topology of the gradient field of a standard adia batic PES: The steepest descent path from a transi tion state cannot terminate at another saddle point o f index one (another transition state) since such a con nection violates the transversality condition [1] . Analogously, this condition imposes restrictions on the topology of the phase portrait in the structurally stable kinetic models for far from equilibrium pro cesses as shown by this author and Sinanoglu [4, 5] .
The aim of the present paper is to find the equivalence class o f standard adiabatic gradient Fields of PES's whose integral lines represent the IRC's and separatrices of the process since the integral curves joining critical points in the nuclear configuration space determ ine uniquely the topology of the PES. The diradical 4 has two singly occupied AO's < t>\ and <P2 and it undergoes JahnTeller (J -T) distortions without activation energy. These distortions lift the orbital degeneracy of the diradical [3, 6] . The diradical is in the singlet state (we are considering a thermal rearrangem ent); this electronic state is degenerate, therefore the JahnTeller theorem applies.
Ic and Id represent respectively the J -T isomers obtained by conrotatory and disrotatory distortion.
The interconvertion of Ic and Id is forbidden since it involves an HOMO-LUMO crossing in the orbital correlation diagram:
Since Ic and Id are configurations with one un stable vibrational degree of freedom, the diradical 4 cannot be a saddle point with index 1 since if it were, there would be a direct saddle-saddle connec tion in the PES given by 4 -* Ic and 4 -» Id. These direct connections are precluded by the structural stability principle [1, 7] .
This implies that the diradical 4 is not a transi tion state for the interconversion Ic ^ Id: A transi tion state cannot be a double or higher order saddle point (see, for example, Murrell an Laidler [8] ). 
The IRCS Graph
It follows from the discussion o f the previous sec tion that the IRCS graph of the gradient field for a structurally stable PES is subject to the following restrictions:
1) There are three m inim a in the dom ain S > : 1, 2, 3 represented in the graph by three sink vertices.
2) The separatrix between the basins of 1 and 2 is represented by the union of the two directed edges 4 -*■ Ic and -*• I,.. The separatrix between the basins of 1 and 3, by the union of the two directed edges 4 ->• Id and 0^ -*• Id.
3) A transition state 5, corresponding to the sym metry-forbidden interconversion 2 ^ 3 is represent ed by a saddle vertex 5.
4) The separatrix between the basins of 2 and 3 is A/s(5) and it is represented by the directed edges 4 -► 5 and -► 5. The only IRCS graph satisfying these restrictions is displayed in Figure 3 .
Closed Shell Electronic Correlation Along the IRC's
The structural stability proof that the lumomers [8] I, and Id are not interconvertible is the rigorous proof. The argum ent based on the frontier orbital diagram is not since a single Slater determinantal wave function is a poor approxim ation for the elec tronic wave function ^ of Id.
requires configu ration interaction.
The closed shell electron correlation diagram for the conversion 1^3 (the disrotatory opening), exhibits crossing of electronic states of the same symmetry [9] .
These states are (a2 n2 -x\x\) and (o2 7i*2-/jxl) a2 n2 and xi x\ are the ground states of cyclobutene and of butadiene respectively and a2 n*2 and X2 X3 their respective first doubly excited states. Therefore an approxim ation to ^ should take the form = C i j a2 n2} + c2 \o2 n*2). The correlation along the IRC 1 -Ic -2 is o2 n2 -x \ x \ -Along the IRC 1 -Id -3: o 2 n2 -x^xh-And, along the separatix Ic -4 -Id: ^ ^ (certainly not in cor respondence with the HOM O-LUM O crossing in Figure 2 ).
Conclusion
The symmetry-forbidden interconversion 1 ^ 3 is equivalent to the virtual process 1 ^ Ic ^ Id *=? 3. Only the portion of the path Ic ^ Id is forbidden.
The structural stability proof o f the forbiddness of the interconvertion o f 1 and 3 is an alternative and rigorous proof agreeing with the conclusion derived by inspecting the electronic state correlation diagram (c.f. [9] ).
The "concertedness" o f the forbidden pathway should be interpreted as follows: It is proven in this
